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TEMPERATURE USE 

A d m i  n i s  t r a t  i on  

Pearson 

The purpose of t h i s  pro jec t  i s  t o  prepare power r e c t i f i e r s  and 
0 s o l a r  b a t t e r i e s  which w i l l  operate  a t  temperatures up t o  500 C. 

t h i s  qua r t e r ,  the  ion-pump vacuum system from Varian Associates was 

received, the  required f i x t u r e s  were fabr ica ted ,  and t h e  system was 

placed i n  operation. I n  addi t ion,  an undoped GaP c r y s t a l  was grown 

i n  t h e  revised v e r t i c a l  l i q u i d  e p i t a x i a l  system and seve ra l  attempts,  

wi th  l imi ted  success ,  were made t o  form ohmic contac ts  both upon t h a t  

sample and upon o the r  GaP samples. 

During 

Vacuum S y s t  em 

A s  shown i n  t h e  accompanying photographs, t h e  work on the  assembly 

of the  "mini-vac" system has been completed. 

u n i t  i s  given i n  Fig. 1. The top module on the  r i g h t  s i d e  of t he  

t a b l e  was f ab r i ca t ed  a t  Stanford and contains  t h e  evaporation f i lament  

t ransformer and two hea te r s  for the  l i qu id  n i t rogen  t r aps .  A view of 

t h e  i n t e r i o r  of t h e  vacuum chamber is  shown i n  Fig. 2. A s  can be 

seen, t h e  work f i x t u r e s  have been designed f o r  ease  i n  the  evaporation 

of an a r r a y  of do t s  on the  samples. 

An o v e r a l l  view of t h e  

Some i n i t i a l  d i f f i c u l t y  was experienced due t o  minor design 

problems which have now been overcome. For example, i t  was found 

necessary t o  reduce the  thickness  of the  wal l s  of t he  l i qu id  n i t rogen  

t r a p s  i n  order  t h a t  t h e  heat  canduction from t h e  t o p  p l a t e  be lowered 

t o  an acceptable  leve l .  I t  was a l s o  necessary t o  bevel t he  top  inner  

su r face  of the  chamber i t s e l f  t o  i n su re  a proper f i t  of t h e  top  p l a t e .  

These and o the r  s imlar  cor rec t ions  have now been made. 

The performance of t h e  system is  i n  accordance wi th  expectat ions.  

Due t o  the  small  volume of t h e  chamber, t h e  pump-down time t o  a 

pressure of 2-3 X 10 t o r r  i s  approximately 30 minutes, a f i g u r e  

seve ra l  t imes b e t t e r  than previously achievable wi th  o the r  equipment 
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i n  t h i s  laboratory.  I n  addi t ion,  contamination problems a r e  

lessened through the  e l imina t ion  of any backstreaming which would 

be present i f  an o i l - d i f f u s i o n  vacuum system were t o  be used. I n  t h e  

coming qua r t e r s ,  t h e  mini-vac system should prove t o  be advantageous. 

Diode Preparat ion 

As noted i n  t h e  l a s t  q u a r t e r l y  report ,  some d i f f i c u l t y  had been 

experienced i n  the  attempt t o  grow a t h i n  l a y e r  of undopd GaP i n  a 

hydrogen atmosphere, using t h e  v e r t i c a l  e p i t a x i a l  system. Further  

work has confirmed t h a t  the  probable reason was t h e  lack of complete 

s a t u r a t i o n  of t h e  gall ium so lu t ion  with gall ium phosphide p r i o r  t o  

growth. Upon s a t u r a t i o n  a t  15OC over t h e  i n i t i a l  growth temperature 

of 950 C f o r  a period of 4 hours, good r e s u l t s  were obtained. Using 

a cool ing program of 1/3 C per minute f o r  fou r  hours, a l a y e r  approxi- 

mately 100 microns i n  th ickness  was grown upon a tellurium-doped GaP 

seed of 2 X 10 cm c a r r i e r  concentration. 
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To evaluate  the  q u a l i t y  of t h i s  grown Gap, an attempt was made 

t o  form an ohmic contact  on t h e  seed mater ia l .  One face  of t h e  c r y s t a l  

was lapped and polished, exposing t h e  seed mater ia l .  N i - G e  was then 

evaporated upon t h a t  s i d e ,  and the  contac t  was alloyed i n  a hydrogen 

reduct ion furnace a t  650 C f o r  2-1/2 minutes. The r e s u l t s  were 

disappoint ing.  The contact  formed was non-ohmic. The attempt was 

repeated twice with s i m i l a r  r e s u l t s .  

0 

To c l a r i f y  the  s i t u a t i o n ,  a new sample of tellurium-doped 

GaP was divided i n t o  fou r  pa r t s .  Two of t h e  pieces  were lapped, 

polished, and etched with a 2% bromine i n  methanol so lu t ion .  The 

o the r  two were s i m i l a r l y  processed excepting a 8 K 

100 H 0 e tchant  was used. Ni-Ge and Au-Ge were then evaporated on t h e  

sample such t h a t  t h e  four  combinations of su r face  t reatments  and 

metals were t r i e d .  Following t h e  evaporations,  t h e  Ni-Ge samples were 

alloyed a t  65OoC f o r  two minutes and t h e  Au-Ge samples were alloyed 

a t  6OO0C for t w o  minutes, 

Fe(CNI6: 12 KOH: 3 

2 

2 



The r e s u l t s  were more promising i n  seve ra l  respec ts .  F i r s t  of a l l ,  

t h e  2% bromine i n  methanol and the  8 K Fe(CN) 

yielded e s s e n t i a l l y  i d e n t i c a l  data. Secondly, the  N i - G e  contac ts ,  

although s t i l l  depart ing from absolu te ly  l i n e a r  I -V c h a r a c t e r i s t i c s ,  

were supe r io r  both t o  those  obtained i n  t h e  preceding evapwat ion  and 

t o  t h e  Au-Ge contac ts .  

do ts ,  each approximately 0.9 X 10 c m  i n  area,  a dc  r e s i s t ance  of 

100 ohms t y p i c a l l y  was measured a t  a 20 milliampere cur ren t  l e v e l  f o r  

t h e  Ni-Ge contacts .  The Au-Ge contac ts  were i n f e r i o r  by approximately 

a f a c t o r  of f ive .  The Ni-Ge contac ts  a re  comparable t o  those 

previously f ab r i ca t ed  on the  vapor e p i t a x i a l  GaP diodes 

12 KOH: 100 H20 3 6: 

Quant i ta t ive ly ,  between two adjacent co-planar 
-3 2 

However, t h e  r e su l t s  a r e  not s a t i s f a c t o r y  f o r  a p r a c t i c a l  GaP 

diode. The r e s i s t ance  value quoted above must be lowered by g r e a t e r  

than an order  of magnitude. Therefore, our present  e f f o r t  i s  devoted 

t o  an improvement of the  q u a l i t y  of t he  ohmic contacts .  A program i s  

c u r r e n t l y  being i n i t i a t e d  t o  separa te  t h e  e f f e c t s  of contact  r e s i s t ance  

and bulk spreading r e s i s t ance  i n  the  semiconductor and t o  reduce the  

shee t  r e s i s t i v i t y  of the  evaporant su i t ab ly .  

Plans f o r  Next Quar t e r  

Fur ther  work w i l l  be continued on the  examination of t he  

ohmic contact  problem i n  GaP and i n  t h e  growth of undoped GaP i n  the  

v e r t i c a l  l i q u i d  e p i t a x i a l  system. 
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PROJECT 5116: DONOR IMPURITIES I N  GaP 

National Aeronautics and Space Administration 
Grant NGR-05-020-043 
P r inc ipa l  Inves t iga tor :  G. L. Pearson 
S t a f f :  A.  Young 

The purpose of t h i s  pro jec t  is  t o  s tudy  t h e  behavior of shallow 

donors i n  gall ium phosphide. I n  p a r t i c u l a r ,  S,  Se and Te w i l l  be 

d i f fused  i n t o  GaP t o  determine s o l u b i l i t y  and d i f fus ion  parameters. 

This  information w i l l  be use fu l  i n  de l inea t ing  the  proper t ies  of GaP 

doped with these  shallow donor impur i t ies .  

Pro jec t  5116 i s  now complete and w i l l  be d i s t r i b u t e d  a s  

Technical Report SEL-69-021. The abs t r ac t  of t h i s  f i n a l  repor t  i s  

given below. 

ABSTRACT 

The d i f f u s i o n  of s u b s t i t u t i o n a l  impur i t ies  i n  1 1 1 - V  compounds has 

usua l ly  been explained i n  the  l i t e r a t u r e  by a model of vacancy d i f fus ion  

wi th in  a s i n g l e  s u b l a t t i c e .  Experimental evidence f o r  t h i s  model, 

however, has been obtained s o l e l y  from measurements of t h e  temperature 

v a r i a t i o n  of t he  d i f f u s i o n  coe f f i c i en t .  

I n  the  work reported here,  a r ad io t r ace r  technique was used t o  

s tudy the  d i f f u s i o n  of s u l f u r ,  a s u b s t i t u t i o n a l  donor impurity,  i n  GaP 

and GaAs a s  a func t ion  of temperature, s u l f u r  pressure,  canponent pressure,  

and background doping of t he  host  c r y s t a l .  The importance of uniquely 

def in ing  t h e  experimental condi t ions has been s t ressed ,  and t h e  necess i ty  

of e luc ida t ing  d i f fus ion  mechanisms i n  compound semiconductors by 

determining the  q u a n t i t a t i v e  dependence of d i f f u s i o n  c o e f f i c i e n t  on 

component pressure has been emphasized. Previous r epor t s  i n  the  

l i t e r a t u r e  concerning s u l f u r  d i f f u s i o n  i n  G a A s  have been inadequate i n  

both of these  respects .  The d i f f u s i o n  of s u l f u r  i n  GaP has not been 

reported previously.  
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The r e s u l t s  reported here  ind ica t e  t h a t  t he  v a r i a t i o n  of the  

d i f f u s i o n  c o e f f i c i e n t  wi th  component pressure f o r  s u l f u r  i n  both GaP 

and GaAs is not i n  agreement with the  model of vacancy d i f fus ion  wi th in  

a s i n g l e  s u b l a t t i c e .  The d i f fus ion  c o e f f i c i e n t  of zlulfur i n  GaP was 

found t o  be independent of phosphorus pressure,  whereas t h e  d i f f u s i o n  

c o e f f i c i e n t  of s u l f u r  i n  G a A s  varied a s  (P 1 1'2 a t  low arsenic  
A s .  
4 pressures ,  and appeared t o  s a t u r a t e  a t  a r sen ic  pressures  g r e a t e r  than 

0.5-1 atmospheres. The r e s u l t s  f o r  s u l f u r  i n  GaP a re  cons i s t en t  with 

d i f fus ion  via t h e  divacancy V -V , whi le  t h e  d i f f u s i o n  of s u l f u r  i n  

GaAs can be explained by movement v ia  t h e  gall ium divacancy V 

A review of t he  l i t e r a t u r e  ind ica t e s  t h a t  t h e  f a i l u r e  of t he  s u b l a t t i c e  

model t o  expla in  the  dependence of impuri ty  d i f f u s i o n  on component 

pressure may be a general  phenomenon i n  1 1 1 - V  compounds. 

Ga P 

GamVGa 

I 

The v a r i a t i o n  o f  s o l u b i l i t y  i n  1 1 1 - V  compounds with impuri ty  vapor 

pressure has, with few exceptions,  been ignored i n  t h e  l i t e r a t u r e .  

The r e s u l t s  reported here ind ica t e  t h a t  t he  dependence of sur face  

concentrat ion on s u l f u r  vapor dens i ty  f o r  both GaP and GaAs i s  not i n  

agreement with the  usual  model of incorporat ion of s u l f u r  atoms on 

i s o l a t e d  anion sites. Possible  reasons f o r  t h i s  discrepancy are  

discussed. 

I 

Incremental H a l l  and plasma r e f l e c t i o n  methods were used t o  s tudy 

t h e  e l e c t r i c a l l y  ac t ive  pa r t  of the  impuri ty  d i s t r i b u t i o n  i n  t h e  

diffused layers .  A t  high concentrations,  a l a rge  concentrat ion of t he  

s u l f u r  was found t o  be e l e c t r i c a l l y  i n a c t i v e  a t  room temperature. This  

observat ion is  of p r a c t i c a l  importance s ince  previous r epor t s  i n  the  

l i t e r a t u r e  concerning s u l f u r  d i f fus ion  i n  GaAs  have o f t e n  assumed 

complete i o n i z a t i o n  of the  impur i t ies  i n  the  d i f fused  layer .  Diffusion 

c o e f f i c i e n t s  ca lcu la ted  using t h i s  assumption may be i n  e r r o r .  
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